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Objectives: Superior mesenteric artery (SMA) duplex scanning is utilized to screen for high-grade (>70%) SMA stenosis
(peak systolic velocity [PSV]>275 cm/second) and for follow-up of SMA bypass grafts and stents. Expected duplex scan
findings in SMA bypass grafts have been recently reported. There is, however, little information correlating duplex scans
from stented SMAs to procedural angiograms in patients treated for high-grade (>70%) SMA stenosis. We report
validation of duplex scan criteria for high-grade native artery SMA stenosis, and also duplex scan examined results after
SMA stent placement correlated with angiograms and angiographic measured pressure gradients pre- and post-SMA stent
placement.
Methods and Results: Thirty-five patients with symptoms consistent with mesenteric ischemia were treated with SMA
stents. Pre-intervention angiography demonstrated >70% SMA stenosis or SMA occlusion in all but 3 patients.
Pre-intervention pressure gradients were obtained in 20 stenotic but patent SMAs and averaged 57 38 mmHg; range,
15 to 187 mm Hg. Eighteen of the patients had SMA duplex scan prior to angiography, and 17 demonstrated an SMA
PSV >275 cm/second or no flow, (mean 450  152 cm/second in patent arteries; range, 256 to 770 cm/second).
Post-stent placement angiography demonstrated <30% SMA stenosis in all 35 patients. Post-stent pressure gradients
were obtained in 22 patients and averaged 11  13 mm Hg; range, 0 to 45 mm Hg, (P < .001 compared to pre-stent
pressure gradients in a paired test) and were elevated in patients with >60% celiac artery stenosis compared with those
with<60% celiac artery stenosis (P< .006). Mean early post-stent duplex PSV scans obtained in 13 patients, were 336 45
cm/second; range, 279 to 416 cm/second (P  .011 compared to pre-stent PSVs).
Conclusion: SMA stenting provides good anatomic results and significantly reduces measured pressure gradients. Duplex
scans measured SMA PSVs are reduced post-stent placement but despite good angiographic results remain above criteria
predicting high-grade native artery SMA stenosis. Duplex scan criteria developed to identify high-grade native artery
SMA stenosis accurately predict high-grade native artery SMA stenosis but overestimate stenosis in stented SMAs. New
duplex scan criteria are required to predict high-grade stenosis in stented SMAs. (J Vasc Surg 2009;50:335-40.)Initial diagnosis of significant visceral artery stenosis
can be made using a duplex ultrasound scan.1,2 There are
now well established duplex ultrasound scan criteria for
identification of high-grade stenosis in the superior mesen-
teric artery (SMA). Studies performed at our institution
comparing mesenteric duplex scans and arteriograms dem-
onstrated that an SMA peak systolic velocity (PSV) of 275
cm/second or no flow signal is a reliable indicator of a 70%
or greater angiographic stenosis of the SMA.3-5 Similar
studies performed at Dartmouth Hitchcock Medical Cen-
ter have validated the accuracy of duplex ultrasound scans
in the assessment of mesenteric artery stenosis.6-8
Surgical revascularization of themesenteric arteries em-
ploying either antegrade or retrograde bypasses or transaor-
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doi:10.1016/j.jvs.2008.12.071tic endarterectomy is the gold standard of treatment for
chronic mesenteric ischemia. In recent years, however,
stenting of the SMA has emerged as an alternative method
of revascularization in patients considered high risk for
open surgical methods of mesenteric revascularization.
With well established duplex scan criteria for identify-
ing high-grade SMA stenosis in native arteries, investiga-
tional efforts have recently shifted to using duplex scanning
as a follow-up tool for patients with visceral artery revascu-
larization. Mesenteric bypass grafts have traditionally been
followed in the postoperative period with duplex ultra-
sonography scans, and there are now data comparing du-
plex scan results in retrograde and antegrade visceral bypass
grafts.9 These data can serve as a reference for postoperative
surveillance of mesenteric bypass grafts. There are, how-
ever, no systematic evaluations of mesenteric artery stents
with the use of duplex scanning.
There is reason to suspect that duplex scan criteria
developed for stenosis in native mesenteric arteries may not
be applicable to stented SMAs. It appears higher velocity
levels are required for identification of stenosis in stented
internal carotid arteries and renal arteries then would be
expected from criteria developed for identifying stenosis in
native internal carotid and renal arteries.10-15 A similar
situation may exist for the mesenteric vessels. The purpose
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scan criteria for high-grade native artery mesenteric artery
stenosis can be extrapolated to stented SMAs.
PATIENTS AND METHODS
We reviewed combined interventional radiology and
vascular surgery registries for all visceral arterial angiogra-
phy procedures performed from January 1997 to Decem-
ber 2007, at Oregon Health & Science University. Patients
who underwent SMA stenting for atherosclerotic lesions
were identified and selected for review. Specific angio-
graphic data extracted included percent angiographic SMA,
celiac and inferior mesenteric artery stenosis prior to stent
placement, pressure gradients measured across the SMA
lesion prior to and after stent placement. Pressure gradients
were obtained with a coaxial systemwith the aortic pressure
obtained from the sheath in the aorta and the SMA pressure
obtained from the catheter tip placed beyond the stenosis.
Stent type, stent diameter and length, number of stents
placed, and residual angiographic stenosis after stent place-
ment were also recorded. Vascular laboratory data included
fasting duplex determination of the maximal native artery
SMA PSV pre-stenting and the maximal PSV in the region
of the SMA stent (proximal and distal ends of the stent as
well as intrastent) post-stenting of the SMA.
Early clinical failures were evaluated with repeat an-
giography. Follow-up angiography was not performed in
the absence of clinical indications.
Duplex scans, angiographic images, and catheter-derived
pressure gradients in the SMA prior to and after stenting of
SMA stenoses were compared. Technical success of SMA
stent placement was defined as 30% angiographic SMA
stenosis after stent placement. Pressure gradients were not
used as a measurement of technical success of the SMA stent
procedure.
Data were collected into the Excel program (Microsoft,
Redmond, Wash), and analyzed using statistical software
SPSS 13 (SPSS Inc, Chicago, Ill). Pressure gradients and
PSV measurements were expressed as the average /
standard deviation. Pre- and post-stent gradients and PSV
were compared using a paired t test or the Mann Whitney
U test.
RESULTS
During the study period, 35 patients considered high
risk for open surgical intervention underwent SMA stent
placement for either acute or chronic symptoms of visceral
ischemia. Symptoms included acute onset of abdominal
pain, postprandial abdominal pain, diarrhea, vomiting,
weight loss, and sitophobia (fear of food). Excluding pro-
cedures performed for de-branching of the aorta for stent
graft repair of thoracoabdominal aneurysm, there were also
86 open mesenteric revascularizations performed during
this same time frame.
Angiographic stenosis pre- and post-SMA stent
placement. Angiographic degree of SMA stenosis was de-
termined in 10% increments using calibers from lateral
aortograms in all patients both pre- and post-stenting. Allpatients except 3 had 70% diameter stenosis of the SMA
prior to stenting. Two patients had occlusion of the SMA
prior to stent placement. Twenty-four patients (69%) had
concomitant 70% celiac artery stenosis or occlusion, 2
patients had aberrant hepatic arteries arising off of the
stenotic SMA, and all but 2 patients had high-grade inferior
mesenteric artery (IMA) stenosis (70%) or occlusion.
Overall, 31 patients (89%) had high-grade stenosis of two
of the three principle mesenteric arteries. The 3 patients
with 70% SMA stenosis had approximately 60% diameter
reduction of the SMA and pre-stent pressure gradients
measuring more than 47 mm Hg. Two had concomitant
celiac artery occlusion or 90% stenosis.
Comparison of pre- and post-SMA stent catheter
derived pressure gradients. No celiac artery or inferior
mesenteric artery stenoses or occlusions were treated. SMA
stent placement was technically successful as defined by
angiographic criteria in all cases with all 35 patients treated
having 30% angiographic residual SMA stenosis follow-
ing stenting. A total of 44 stents were placed, with 2 4-mm
stents, 7 5-mm stents, 18 6-mm stents and 17 7-mm stents
used. A single SMA stent was placed in 28 patients, two
stents were placed in 6 patients, and 1 patient had four
stents placed.
Pre-intervention pressure gradients across the SMA
stenosis were obtained in 20 stenotic but patent SMAs (two
occluded SMAs were stented) and averaged 57  38 mm
Hg; range, 15 to 187 mm Hg. Post-stent pressure gradi-
ents were obtained in 22 patients and averaged 11  13
mm Hg; range, 0 to 45 mm Hg. In 15 cases, post-stent
pressure gradients were15mmHgwith 7 patients having
post-stent measured pressure gradients 15 mm Hg (17,
18, 20, 20, 25, 40, 45 mm Hg). When pre- and post-
stenting pressure gradients were compared using a paired
t test in the 18 patients with stenotic SMAs that were
stented, the pressure gradients fell significantly from amean
of 57 mm Hg to 10 mm Hg, P  .001 (Figs 1 and 2).
There were 6 patients with 60% celiac artery stenosis
who had pressure gradients measured in the SMA following
stent placement. In all but 2 of these patients, the post-
SMA stent pressure gradient was 0 and in the remaining
patient it was only 7mmHg. Sixteen patients with60% to
99% celiac artery stenosis or occlusion had SMA pressure
gradients measured post-placement of the SMA stent. The
mean post-SMA stent pressure gradient in these patients
was 14 mm Hg (range, 0 to 45 mm Hg). Comparing pre-
and post-stent pressure gradients in patients with 60%
celiac stenosis to those with 60% celiac stenosis showed
the presence of a celiac stenosis 60% was associated with
an increased SMA pressure gradient post-SMA stenting,
P  .006.
Pre- and post-stent fasting duplex ultrasound scan
examinations. Fasting pre-stent screening duplex scans
were performed in 18 patients. Peak systolic velocities in
the native SMA were greater than 275 cm/second in 16.
Mean PSV was 450  152 cm/second in patients with
patent arteries, range 256 to 770 cm/second. Two patients
had occluded SMAs with no demonstrated flow in the
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Thirteen patients underwent post-stent surveillance ultra-
sonography scans between 1 and 45 days (mean 11.5 days)
following placement of the SMA stent. Peak systolic veloc-
ities exceeded criteria for70% native SMA stenosis (275
cm/second) in every post-stent velocity measurement,
Fig 1. Dot plot of pressure gradients pre- and post-stenting of the
SMA.
Fig 2. Box plot showing pressure gradient in the SMA pre- and
post- stenting. Thick horizontal lines, boxes and error bars denote
median, interquartile range and range, respectively, P  .001.mean 336 45 cm/second, range 279 to 416 cm/second(Fig 3). PSV measurements in paired samples were, how-
ever, significantly lower post-stent than pre-stent, P .011
(Fig 4).
Early clinical failures. There were two early clinical
failures of the SMA stent within 45 days. One patient had a
measured SMA pressure gradient that fell from 70 mm Hg
pre-stent to 17 mmHg post-stent and remained symptom-
atic. That patient had repeat angiography with no change
from the immediate post-stent angiogram and underwent
mesenteric artery bypass with long-term relief of symptoms.
Fig 3. Dot plot of SMA PSVs prior to and after SMA stent
placement.
Fig 4. Box plot showing SMAPSVs pre- and post-stenting. Thick
horizontal lines, boxes, and error bars denote median, interquartile
range, and range, respectively, P  .011. Dashed line represents
70% SMA stenosis for PSV 275 cm/second.A second patient had a residual 20 mmHg gradient follow-
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angiogram and also remained symptomatic. Follow-up an-
giography 2 days later showed a questionable web-like
defect at the proximal end of the stent. An additional stent
was placed with apparent improvement of the angiographic
image but no change in the measured pressure gradient
across the SMA. Symptoms improved but recurred 3 years
later and the patient underwent mesenteric bypass with
improvement of symptoms and no further procedures for 4
subsequent years.
DISCUSSION
Mesenteric duplex scan criteria for the diagnosis of
native artery SMA stenosis are well established.3-8 Criteria
were developed simply by comparing duplex scans to lateral
angiograms and did not involve measuring angiographic
pressure measurements as were performed in this study.
Nevertheless, a SMA PSV of 275 cm/second has proven
to be a reliable indicator of 70% angiographic stenoses in
the native SMA and duplex ultrasound scan has become
widely employed in the evaluation of patients with amyriad of
abdominal symptoms consistent with mesenteric ischemia.
Visceral bypass is standard care for management of
visceral ischemia resulting from SMA stenosis. Postopera-
tive duplex scanning has an established role in monitoring
mesenteric bypass patency, since clinical examination alone
has limited sensitivity (as low as 33%), in the detection of
mesenteric graft occlusion in patients with recurrent ab-
dominal symptoms.15 We have, indeed, recently estab-
lished criteria for expected PSVs in both antegrade and
retrograde mesenteric bypass grafts.9
Since its introduction in 1980,16 percutaneous endo-
vascular treatment of SMA stenosis is an increasingly uti-
lized option for treatment of SMA stenosis. With the recent
refinements in technique and improvements in equipment,
including low-profile (0.014-inch) stent devices, endovas-
cular revascularization of mesenteric stenoses provides a
minimally invasive alternative to open surgery. Several stud-
ies have presented the results of angioplasty, and/or stent-
ing in treatment of visceral ischemia. The overall peripro-
cedural mortality rate of the endovascular approach is
between 0 and 13% and the complication rate is between 0
and 25%. The technical success rate of the endovascular
approach is 90-100%.17-22 Duplex scan characteristics,
however, have not, to our knowledge, been systematically
defined for stented SMAs after treatment of SMA stenosis.
Despite promising periprocedural results, SMA stent-
ing may be less durable than surgical intervention with
reported lower long-term patency and recurrence ranging
from 0% to 60%.22,23 Brown et al21 found that compared
with open surgery SMA stent patients have lower perioper-
Fig 5. A, Pre-stent lateral aortograms demonstrating high grade
SMA stenosis. B, Follow-up lateral aortograms immediately post-
placement of SMA stent. The measured PSV 1 day post-stent was
360cm/second.
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lengths of stay, but are seven times more likely to develop
restenosis, four more times likely to develop recurrent symp-
toms, and 15 times more likely to require re-intervention.
AbuRahma et al20 reported a 35% restenosis rate at 1 year in
their series of 24 patients who underwent stenting for
chronic visceral ischemia. This high incidence of late reste-
nosis was based on Doppler criteria. Fenwick et al24 also
found high restenosis rates based on Doppler criteria for
their patients treated with SMA stents. In their study,
however, restenosis did not correlate with recrudescence of
symptoms.
Although follow-up of endovascular treated mesenteric
vessels is said to be important because of the high incidence
of restenosis or occlusion in stented vessels, there is no
evidence that intervention on the basis of duplex scan-
defined restenosis improves long-term patency or prevents
recurrence of symptoms.10 This may in part be because the
criteria used to define stenosis in native non-stented arteries
are not applicable to stented SMAs.
Resch et al25 found no correlation between the remain-
ing pressure gradient in the SMA following endovascular
recanalization and the relief of symptoms. Our data indi-
cates pressure gradients fall following placement of an SMA
stent. There is, however, variation in post-stenting pressure
gradients measured across the SMA without clear correla-
tion with angiographic stenosis or short-term clinical failure
of the SMA stent but apparent correlation with presence or
absence of a high-grade celiac artery stenosis. This likely
reflects the complex hemodynamics and flow characteristics
of the splanchnic circulation where perhaps collateral flow,
even in the presence of a residual SMA pressure gradient
post-stenting, can compensate for a less than perfect local
hemodynamic result in the SMA following SMA stenting.
The correlation of residual pressure gradients in the SMA
following stenting with high-grade celiac artery stenosis
suggests that a stented SMA by itself is insufficient to
normalize the splanchnic circulation although in most cases
the improvement in overall intestinal blood flow is suffi-
cient to improve symptoms of intestinal ischemia.
While a fall in the pressure gradient across the SMA
post-stent placement likely indicates some favorable hemo-
dynamic effect of the stent-there is clearly no consensus as
to clinical utility of measuring pressure gradients in the
SMA following placement of an SMA stent. Our data
suggests there may be a wide range of post-SMA stent
pressure gradients that, at least in the short term, are
associated with an acceptable clinical result of the SMA
stent. While our two early clinical failures had post-stent
pressure gradients 15 mm Hg (17 and 20 mm Hg,
respectively) there were 5 other patients who did well in the
short term with post-procedure SMA measured pressure
gradients 15 mm Hg. It remains unknown if immediate
follow-up pressure gradients will correlate with late clinical
failure of the SMA stent.
This study was a hypothesis seeking study performed to
evaluate duplex scan characteristics of stented SMAs. When
pre-stent and post-stent angiographic stenosis, catheterderived pressure gradients, and fasting duplex ultrasound
scan PSVs were compared, all post-stent velocity measure-
ments in stented SMAs, despite normalization of angio-
graphic images and greatly reduced pressure gradients, had
PSVs exceeding criteria for high-grade native artery 70%
SMA stenosis (275 cm/second) (Fig 5). This study raises
the possibility that duplex scan criteria for assessing SMA
stent stenosis developed for native arteries are not applica-
ble to stented arteries.
Certainly a weakness of this study was its retrospective
nature and the fact that ultrasound scan measurements or
pressure gradients were not obtained in all patients. In
addition, angiography was not routinely performed to val-
idate early post-stent duplex scan finding. Therefore, it is
not possible to say with 100% certainty that restenosis did
not contribute to the post-stent duplex scan findings in
some cases. However, angiographic images did initially
normalize in all patients and the median time to follow-up
duplex scan study was only 11.5 days, making the possibil-
ity of frequent restenosis, as determined by angiography,
unlikely. In addition, all PSVs measured post-SMA stent
placements were 275 cm/second and pressure gradients
were greatly reduced post-stenting. The data, therefore,
uniformly suggests duplex scan criteria for stenosis in native
SMAs are not applicable to stented SMAs.
Other duplex scan parameters may be more useful than
PSVs in the evaluation of the stented SMA. Because of our
long standing use of PSVs in the evaluation of mesenteric
artery stenosis, other duplex scan parameters such as post-
stenotic turbulence or measurements of residual stenosis
from B-mode images are not routinely recorded in our
laboratory. Also, previous studies from our institution have
shown limited utility of postprandial duplex scanning in the
evaluation of native artery mesenteric stenosis and, there-
fore, postprandial studies are also not routine in our labo-
ratory.26 However, additional duplex scan parameters may
prove useful in the evaluation of stented arteries and should
be the subject of future investigations.
Our findings with regard to PSV are, in fact, similar to
those for stented carotid and renal arteries where it also
appears duplex scan criteria developed for native artery
stenosis over estimate angiographic stenosis in stented in-
ternal carotid and renal arteries.10-14 It appears that higher
PSVs are likely needed to stratify stenosis in these vessels.
There is no consensus as to why stented internal carotid,
renal, and now SMAs have higher than expected duplex
scan-determined PSVs when compared to angiographic
images. It has been suggested that placement of a stent into
a native artery alters its biomechanical properties, which
may cause an increase in ultrasound scan velocity measure-
ments in the absence of technical error or residual stenotic
disease.13,14
Compliance mismatch may be part or all of the expla-
nation in the SMA.However, themagnitude of discrepancy
between angiographic images and PSVs in stented SMAs
seems larger than for the carotid and renal arteries. In
stented carotid and renal arteries the problem is primarily
with the lower levels of stenosis. A very high PSV still
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in stented carotid and renal arteries. Our patients had
significant visceral artery lesions in virtually all their primary
mesenteric arteries but only the SMAwas treated. It may be
that high flow levels through the stented SMA under such
circumstances account, in part, for the large discrepancy be-
tween ultrasound scan and angiographic findings in stented
SMAs. Further research into this question is indicated and we
are currently developing an ex vivo flow model of the SMA
pre- and post-stent to address this question.
CONCLUSIONS
There are no standardized ultrasound scan criteria for
the detection of high-grade stenosis in stented SMAs. This
hypothesis seeking study showed that angiographic pres-
sure gradients in stented SMAs are affected by the presence
or absence of high-grade celiac artery stenoses. In addition,
although fasting duplex scan-measured SMA PSVs are re-
duced after stenting, they remain above criteria predicting
high grade native artery SMA stenosis. It appears duplex
ultrasound scan PSV criteria for non-stented SMAs cannot
be applied to stented SMAs and new duplex ultrasound
scan criteria are required to predict high-grade stenosis in
stented SMAs. Prospective studies and post-stent surveil-
lance protocols are needed to more systematically address
this question and likely develop new ultrasound scan crite-
ria for evaluation of stented SMAs. In the interim, studies
utilizing only ultrasound scan follow-up of stented SMA
may be over estimating rates of recurrent stenosis in the
stented SMA.
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